American Heart Association cardiovascular health metrics are intimately related to cardiovascular diseases. Acting as a key independent risk factor for high morbidity and mortality of cardiovascular diseases, hypertension and its relationship between health status get urgent attention. While the influence of individual health status changes and the future risk of new-onset hypertension is rarely understood, the present study applied this construct to assess the changes of cardiovascular health status and the morbidity of hypertension in Kailuan cohort study in north China. The Cardiovascular Health Score (CHS) was evaluated by the follow-ups of 2006-2007, 2008-2009, 2010-2011 and 2012-2013. The study population (n = 19381) was divided into 5 groups based on the changes in their CHS score between the first two follow-ups (4CHS) of 2006-2007 and 2008-2009 (-2, -1, 0, 1, 2) . The morbidity of hypertension was collected during 2010-2011 and 2012-2013 follow-ups. Data analysis showed that during a median follow-up of 3.79±0.96 years, morbidity of hypertension had a graded relationship with 4CHS. As 4CHS scored from low to high, the standardized morbidity of hypertension for all participants were 81.40, 75.47, 68.37, 71.43 and 83.13 per 1000 person-year, respectively. An increased 4CHS score of 1 was associated with a 10% decrease in the future risk of new-onset hypertension(HR: 0.90, 95% CI: 0.88-0.92). In conclusion, there was a strong inverse relationship between the incidence of new-onset hypertension and elevation of cardiovascular health metrics. Population-wide prevention, especially the promotion of lifestyle improvements, is critical to reducing the morbidity of new-onset hypertension.
Introduction
To evaluate cardiovascular health level and decrease the morbidity of cardiovascular diseases, the American Heart Association (AHA) defined seven behaviors and risk factors to serve as health metrics [1] , which include: smoking status, body mass index, physical activity, healthy dietary score, total cholesterol, blood pressure, and fasting blood glucose. With those risk factors, the AHA subsequently described three stages for each metric to reflect poor, intermediate, and ideal cardiovascular health status [1] . Multiple studies in different countries and ethnic backgrounds revealed that ideal cardiovascular health metrics can significantly decrease the incidence of coronary heart disease [2] [3] [4] [5] , stroke [6, 7] , atherosclerosis [8] , vascular intimamedia thickness [9] , as well as cancer [10] . Furthermore, ideal cardiovascular health metrics also have a distinct protective effect on risk factors or subclinical symptoms of cardiovascular diseases, including high-sensitivity C-reactive protein (hs-CRP) [11] , hypercholesterolemia [12] , uric acid [13, 14] , carotid intima-media thickness [9, 15] ,asymptomatic intracranial artery stenosis [16] , and pulse wave velocity [17, 18] .
Hypertension is an internationally-accepted risk factor for the development of cardiovascular diseases, which can be detected before manifesting many subclinical symptoms. A prospective study performed by Dolovich et al. has demonstrated that the cardiovascular health awareness program (CHAP) is associated with a reduction in systolic and diastolic blood pressure [19] . Our recent study also proves that ideal cardiovascular health behaviors and factors play a prevent role on the development of hypertension [20] . However, the knowledge about the impact and association of the dynamic changes of health metrics on the future development of new-onset hypertension are still limited currently. Therefore, we analyzed data from the Kailuan study (Unique identifier: ChiCTRTNC-11001489) to investigate the relationship between the fluctuation of the modified AHA metrics and the morbidity of hypertension in the northern Chinese cohort located in the industrial city of Tangshan.
Materials and Methods

Study Design and Participants
The Kailuan study has been described previously [5, 21] .Briefly, it is a prospective cohort study based on the Kailuan community in Tangshan,an industrial city located in the north of China. From June 2006 to October 2007, baseline health records were collected in eleven local hospitals responsible for healthcare of the community. Residents who met the following criteria were recruited into the Kailuan study: (1) age18 years; (2) provided with informed consent; (3) updated their health status according to the follow-up protocol every 2 years. All participants underwent questionnaire assessment, clinical examination, and laboratory assessments. Specially trained doctors and nurses used standard protocols for all measurements and evaluations [5, 22] . The follow-up visits were documented during the years of 2008-2009, 2010-2011, 2012-2013 . In our study, participants were excluded if they had any of the following characteristics during the 2006-2007 and 2008-2009 assessment: incomplete data was available, the patient had a history of hypertension, or the patient demonstrated a systolic pressure140mmHg or diastolic pressure90mmHg. Follow-up evaluations included biannual measurement of laboratory parameters and recording of adverse events. The study was approved by the Ethics Committees of Kailuan General Hospital, following the guidelines outlined by the Helsinki Declaration. All participants agreed to participate in the study and provided written informed consent.
Questionnaire Assessment, Blood Pressure Measurement and Laboratory Assessments
Questionnaires were administered by research doctors in person. Information including demographic and socioeconomic data, education level, the average income of each family member, medical history, alcohol consumption, smoking status, dietary data, physical exercise were obtained [21] . Smoking status was self-reported as "never", "former", or "current". Physical exercise was self-evaluated by the type and frequency and was classified as "very active", "moderately active" or "inactive". For dietary data, as the Kailuan study began in 2006, it did not include an assessment of vegetable intake initially. In consideration of the relationship between high salt intake and the morbidity of cardiovascular diseases, an assessment of salt intake was added to the routine questionnaire. Based on responses to questions related to salt preference, salt intake was classified as "low", "medium" or "high". We used "low" salt intake as a surrogate of ideal diet in this study for salted food intake is a serious issue in northern China. The questionnaires provided an approximation of whether an individual's diet was ''ideal," ''intermediate," or ''poor". The average monthly income of each family member was reported as "¥600" or "¥600". Education level was categorized as "none or primary school", "middle school" or "college or university". Alcohol intake was defined as drinking alcohol more than 100 ml per day at least for 1 year. Blood pressure (BP), rest heart rate (RHR), uric acid (UA), fasting blood glucose(FBG), total cholesterol and triglycerides (TC) were measured with standard procedure as previously described [16, 21] .
Cardiovascular Health Scores
Participants who never smoked were considered as ideal health while former smokers were considered as intermediate health. Participants who were currently smoking were defined as the evidence of poor health. Participants with a BMI of <25, [25] [26] [27] [28] [29] [30] 
4CHS and New-Onset Hypertension Events
To capture individual-level changes in cardiovascular health factors and behaviors, all participants were grouped based on the composite, individual-level CHS system created by Mark D. Huffman et al. [23] . This system is based on the individual-level composite score of all 7 cardiovascular health behaviors and health factors (poor = 0 points; intermediate = 1 point; ideal = 2 points; total scale: 0-14 points). The participants were divided into 5 subgroups according to their changes in CHS during 2006-2007 and 2008-2009 (CHS got in the later examination minus CHS got in the former examination, 4CHS), which were -2, -1, 0, 1, 2, respectively. All participants received a baseline examination from 2006 and received follow-up evaluations through 2013 or to the date of death or loss to follow-up. New-onset hypertension was considered as the endpoint event, which was ascertained by surveying each year's discharge lists from local hospitals and by contacting participants annually for a history of new-onset hypertension events in the Kailuan study. For patients diagnosed with hypertension, professional doctors made the diagnosis and evaluation independently according to our new-onset hypertension diagnostic criteria, which were defined as follows: participants with SBP of less than 140mmHg, DBP less than 90mmHg, no history of hypertension and no use of antihypertensive drugs at the first two examinations of the study (2006-2007 and 2008-2009 ), had their SBP of at least 140mmHg, DBP of at least 90mmHg and/or used of antihypertensive drugs during the last two follow-up periods.
Statistical Analyses
Statistical analyzes were performed using SAS software, version 9.3 (SAS Institute, Cary, North Carolina, USA). Data were presented as means ± SD for continuous variables and as frequencies and percentages for categorical variables. We used the Student's t-test or Analysis of variance (ANOVA) test for the comparison of normally distributed parameters and the Wilcoxon test for the comparison of the non-parametric variable. The Chi-squared test was applied for the comparison of a categorical variable. Cox proportional hazard regression analysis was performed to evaluate the relationship between 4CHS and new-onset hypertension. We also estimated the association between CHS metrics and new-onset hypertension stratified by sex and age groups. All statistical tests were 2-sided with the significant level set at 0.05.
Results
We analyzed data from 19,381 participants which included 14,022 men (45.38 ± 11.77 years) and 5,359 women (43.85 ± 10.13 years) (Fig 1) . The baseline characteristics of total participants in five groups according to 4CHS were showed (Table 1) . Age, sex, baseline cardiovascular health scores, hs-CRP, UA, RHR, smoking status and alcohol intake were analyzed. All of the factors in each group showed significant statistical differences (P<0.05). Clinical characteristics of participants during 2006-2007 were grouped according to whether or not participated the 2008 survey (Table 2) . Participants who did not attend 2008-2009 follow-up were significantly older and demonstrated higher levels of hs-CRP, UA and RHR. Notably, the proportion of non-participants was especially high among males, which would be predicted to have lower CHS.
Incidence of New-Onset Hypertension
During a median follow-up of 3.79±0.96 years, as 4CHS scored from -2 to 2, the standardized morbidity rate of hypertension for all participants were 81.40, 75.47, 68.37, 71.43 and 83.13 per 1000 person-year, respectively (Table 3) . In order to adjust the confounding factors, the analyzes were performed by adjusting for age, sex and baseline cardiovascular health metrics (model 1) and further adjusting for education, income and alcohol use (model 2). Then, the models were further adjusted for hs-CRP, UA, RHR got in 2006 (model 3) and hs-CRP, UA, RHR measured by the 2008 follow-up (model 4). In model 4 adjusting for all of the confounding factors above, compared with the first quintile (lowest 4CHS), the HR value (95%CI) of the quintiles two, three, four, and five were 0.91(0.84-0.99), 0.79(0.73-0.86), 0.73(0.67-0.80) and 0.68(0.62-0.74) respectively, demonstrating that the incidence of hypertension decreased as 4CHS increased. In model 4, we also got the result that the morbidity of hypertension decreased by approximately 10% as 4CHS increased by a score of 1 (HR: 0.9095% CI: 0.88-0.92).
Risk of Hypertension According to Age, Sex, Baseline CHS Scores and hs-CRP Level
We showed the detailed information about the morbidity of hypertension in five 4CHS subgroups when further analyzed according to sex, age, CHS scores in 2006 and hs-CRP level in 2006 (Table 4) . After adjustment for age, sex, baseline cardiovascular health scores, education, income, alcohol intake and RHR, the risk of new-onset hypertension in the fifth quintile (4CHS2) decreased by 51% for females (HR: 0.49, 95% CI: 0.39-0.62) and by 25% for males (HR: 0.75, 95% CI: 0.67-0.83) when compared with the first quintile. In the participants aged 60 years and those>60 years, the risk of hypertension were reduced by 31% (HR: 0.69, 95% CI: 0.63-0.77) and 37% (HR: 0.63, 95% CI: 0.48-0.82), respectively. The risk of hypertension was decreased by 16% (HR: 0.84, 95% CI: 0.62-1.12) and 34% (HR: 0.66, 95% CI: 0.59-0.73) when determined for participants whose baseline cardiovascular health scores were 7 or>7, respectively. In the groups with hs-CRP 3mg/L and>3mg/L, the risk of hypertension was decreased by 31% (HR: 0.69, 95% CI: 0.62-0.76) and 34% (HR: 0.66, 95% CI: 0.51-0.85), respectively. In summary, when analyzed by age, sex, baseline CHS, or hs-CRP level, the incidence of hypertension showed decline trend as the 4CHS increased from -2 to 2. With increasing 4CHS, the risk of new-onset hypertensive events in the future was significantly diminished (P<0.01). 
Sensitivity Analysis
To explore whether each change of the cardiovascular health metrics accounted for the relationship between 4CHS and the incidence of hypertension, we eliminated one of the factors and evaluated 4CHS of the rest six factors ( Table 5 ). The result illustrated that, after removing each factors (smoking, salt intake, physical exercise, total cholesterol, BP, blood glucose and BMI), the total HR (95%CI) for one score increase of 4CHS respectively. It should be noticed that this tendency was found both in male and female. Data from this analysis indicated that the residual 4CHS remain a statistically significant inverse correlation with hypertension after removing any one of the 7 indexes, regardless of the gender.
The Influence of 4CHS to hs-CRP, UA and RHR
To learn whether 4CHS is associated with the change of hs-CRP, UA or RHR levels during the follow-up period, multivariate linear regression analysis was performed (Table 6 ). After adjusting for age, sex, baseline cardiovascular health metrics, education and income level, the results demonstrated that 4CHS had an inverse relationship with hs-CRP level, as it decreased by 0.088mg/L when 4CHS increased by 1 score (P<0.001). However, no significant differences were found between the relationship of 4CHS and UA and RHR.
Discussion
In this cohort study analysing data from community CHS conducted in the north city of China for years, we found that there was a strong inverse relationship between the incidence of newonset hypertension and 4CHS. The CHS score changes can act as an independent predictive factor for the future development of hypertension. The AHA defined a set of ideal cardiovascular health metrics that aimed to measure the improvement in overall cardiovascular health in all Americans toward 2020 Impact Goal [1] . Acting as the reliable indicators of cardiovascular protection functions [24] ,an increased number of ideal cardiovascular health metrics at baseline is associated with substantially declined cardiovascular event rates and mortality in short and long-term follow-up [2, 6, 9, 12, 25, 26] . Hazard ratio ‡ However, these cross-sectional studies only performed their analysis with a single time point cardiovascular health status and ignored the effect of the dynamic changes of the status to the morbidity or mortality associated with cardiovascular diseases. To our knowledge, our study is the first large-scale prospective cohort study to evaluate the longitudinal effects of alterations in the CHS metrics on the incidence of new-onset hypertension. As our previous study showed that only 0.1% participants met all seven ideal cardiovascular health behaviors and factors, and only 9.1% met 5 ideal health metrics in the north of China [5] , whether the adult individuals with low health status at baseline could decrease their future risk of cardiovascular diseases became a pressing question. Therefore, our study about the relationship between 4CHS and the risk of hypertension has practical implications for the cardiovascular health of the adult population in China. Being exhaustively studied, hypertension has been found highly prevalent in older age and male [27] [28] [29] [30] [31] [32] .Studies in recent years have also proved that people with a better baseline level of CHS have a strong and inverse association with risk of cardiovascular diseases and blood pressure level [3, 20, 33] . In our study, the change of cardiovascular health scores is significantly associated with the morbidity of new-onset hypertension. The increasing of 4CHS decreased the incidence of hypertension dramatically in the 4-year follow-up, the association, however, was still held after adjustment for age, sex, baseline cardiovascular metrics, education, income level, alcohol intake, baseline hs-CRP, UA and RHR. Based on these results, we can predict that adult population can reduce their risk of hypertension in the future as they promote their cardiovascular health scores, regardless of the basic health status they had in the past. We should especially notice that people with different sex, age, and baseline CHS can all get the benefit outcomes at different levels from this improvement. Female, participants aged less than 60 years, and those with baseline CHS>7 may benefit more from the improvement of cardiovascular risk factors and behaviors, which are in accordance with the epidemiology of hypertension.
The sensitivity analysis identified whether any of the 7 ideal cardiovascular metrics may have a greater influence on the incidence of hypertension. The analyzed data showed that the risk of developing hypertension had a significantly and similar decline trend with the increase of 4CHS after removing each one of the 7 indexes. Meanwhile, it should be noticed that women have a lower incidence of hypertension than men, which is consistent with our above analysis. Together, these results provide evidence that all of the seven CHS factors are equally important and suggest that raising 4CHS may be a viable method by which people can avoid the future development of hypertension while women might benefit more from this improvement.
Previous studies have shown that ideal cardiovascular health metrics have a protective role in the defense against coronary heart disease [2,12], stroke [6] , and vascular intima-media thickening [9] . Acting as an inflammation marker and involved in the pathogenesis of atherosclerosis, CRP has been identified as cardiovascular risk factors [34] [35] [36] [37] . Studies found a significant association between CRP level and subsequent coronary heart disease mortality in middle-aged men, women, and elderly people [35, 38, 39] . Our previous study also identified that ideal cardiovascular health metrics had an inverse relationship with serum hs-CRP level, both in general and hypertension population [11, 40] . In our current study, hs-CRP significantly decreased as 4CHS increased. As hs-CRP is an inflammatory marker and risk factor associated with cardiovascular diseases, this result demonstrates that improvement of CHS can decrease the inflammation status and as a consequence might reduce the incidence of newonset hypertension.
While offering encouraging results, our study should be considered in light of several limitations. First, the median follow-up time was3.79 years, which may not be long enough to accurately evaluate the endpoint event of new-onset hypertension. Second, for practical reasons, it was not possible to completely consider all of the AHA 2020 health metrics. For example, we used ''low" salt intake as a surrogate of ideal diet, which may result in an underestimation of the effects of diet on morbidity. Third, our sample population had a substantial difference in the distribution of genders, which might be worrisome for selection bias. To mitigate these potential problems, we calculated morbidity rates adjusted for both age and sex, as well as other factors, which proved the similar results in male and female. Fourth, a great number of participants were excluded for lack of follow-up data during 2008 survey, which may also bias the results. However, after comparing participants and non-participants, we found that nonparticipants were of older age and had higher baseline levels of hs-CRP, UA, and RHR, which are risk factors for hypertension. Therefore, our study may ultimately underestimate the effect of improving cardiovascular health factors on the incidence of hypertension. Lastly, although this study was limited to a population in north China, the participants in the Kailuan study hail from a number of areas and included a multitude careers, and are likely a diverse, representative sample with respect to evaluating cardiovascular risk factors on the development of newonset hypertension.
In conclusion, although the study had some limitations, our findings demonstrated a strong and independent inverse relationship between changes of CHS and morbidity of hypertension in a Northern Chinese cohort. Although few people have ideal cardiovascular health metrics, improvement of health status still can significantly reduce their future risk of new-onset hypertension and risk factors for cardiovascular diseases. Population-wide prevention, especially the promotion of lifestyle improvements, is critical to promote cardiovascular health in the adult population of China.
Supporting Information 
